Shared entanglement is a resource available to parties communicating over a quantum channel, much akin to public coins in classical communication protocols: the two parties may be given some number of quantum bits jointly prepared in a fixed superposition, prior to communicating with each other. The quantum channel is then said to be "entanglement-assisted."
2 n , irrespective of the number of qubits sent by Bob to Alice, or the number of rounds of communication.
Thus, for protocols with probability of success δ > 0, we get the optimal lower bound of m A ≥ 1 2 (n − log 1 δ ). Note that an optimal bound of n − log 1 δ for the total number of quantum bits exchanged, including the communication required to create the prior entanglement, is implied by previous work (Nayak, FOCS 99).
All known lower bounds for bounded-error communication using prior entanglement are based on complex information-theoretic arguments. In contrast, our results are derived from first principles, using a linear algebraic technique that has its roots in the work of Nayak (FOCS 99). In order to prove Theorem 1, we give a new characterisation of the joint state at the end of a quantum protocol that complements the characterisation due to Yao (FOCS 93).
Theorem 1 also implies a new lower bound of 1 2 n − log 1 1−2 for the -error entanglement-assisted communication complexity of the inner product function. Our results thus provide more examples where shared entanglement leads to at most a factor of two savings in communication.
A full version of this paper appears as [1] .
